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© An image mapping radiometer mounted on a 
craft flying an orbit above an object zone. The radio- 
meter includes main optics having in the visible field 
thereof a unit object zone defined by the swath width 
over the object zone and a distance in the direction 
of orbit, and a plurality of linear photoelectric detec- 
tors each being assigned to one of a plurality of 
observation spectral bands and located in the focal 
plane of the main optics, thereby sequentially imag- 
ing the unit object zone. A correcting section has 
correction optics for projecting a correction pattern 
onto the photoelectric detectors so as to correct the 
band-to-band registration, i.e., the positional devi- 
ation between the elements of the detectors. A mov- 
able mirror is provided for selecting either of the 
main optics and correction optics. When the correc- 
tion pattern is projected, a lattice pattern having a 
pitch different from the element pitch is generated 
on the light-sensitive surfaces of the detectors. The 
correction is effected by calculating the output signal 
levels of the detectors associated with the projected 
image on the basis of a vernier principle. 
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The present invention relates to a radiometer 
and, more particularly, to multiband image mapping 
radiometer mounted on a spacecraft, aircraft or 
similar craft flying over an object zone to be im- 
aged, e.g., the ground surface of the earth. 

A radiometer of the type described is used for 
remote sensing an object zone extending along the 
flight path of a craft. Typical of such a radiometer 
is a multi-spectral scanner (MSS) or a thematic 
mapper (TM) mounted on LANDSAT which is one 
of spacecrafts for remote sensing developed by 
NASA (National Aeronautics and Space Administra- 
tion). 

Recently proposed are a multi-spectral self- 
scanning radiometer (MESSR) as disclosed in a 
paper entitled "THE DEVELOPMENT OF MULTI- 
SPECTRAL SELF-SCANNING RADIOMETER FOR 
MOS-1", PROCEEDINGS OF THE FOURTEENTH 
INTERNATIONAL SYMPOSIUM ON SPACE TECH- 
NOLOGY AND SCIENCE issued in Tokyo in 1984,, 
pp. 1313-1319, and a high resolution visible cam- 
era (HRV) as disclosed in a paper IAF-83-109 en- 
titled "The SPOT-HRVI Instrument: An overview of 
Design and Performance" and presented at the 
34th CONGRESS OF THE INTERNATIONAL AS- 
TRONAUTICAL FEDERATION held in Budapest in 
1983. The ESSR AND HRV are image mapping 
radiometers of the type using a linear CCD (Charge 
Coupled Device) array as a photoelectric trans- 
ducer. 

The image mapping radiometers described 
above each measures the intensity of visible rays 
or infrared rays radiated or reflected by the object 
zone of the ground surface, i.e., the radiance and 
generates an image made up of pixels of lightness 
matching the measured radiance. Generally, this 
kind of radiometer is provided with multi-spectral 
band, or simply multiband, construction which di- 
vides the visible rays or infrared rays into a plural- 
ity of wavelength bands, i.e., spectral bands and 
generates an image in each of the bands. A cam- 
era section is included in the radiometer and con- 
stituted by optics for converging the radiation or 
reflection from the object zone into a radiant flux 
corresponding to the radiance, and a detector in- 
cluding a photoelectric tube for converting the ra- 
diant flux to an electric signal and a linear CCD 
array or similar photoelectric device. The radiant 
flux is divided into the above-mentioned plurality of 
bands by split optics located on the optical path 
and implemented by a band separation mirror or a 
prism. Detectors each being assigned to one of the 
bands are located at the focal points of the respec- 
tive bands for converting the incident divided fluxes 
to corresponding electric signals. The MSSR using 
linear CCD arrays as the detectors has three bands 
for visible rays and one band for infrared rays i.e., 
four spectral bands in total. Therefore, the radiant 



flux is divided into four and detected by four detec- 
tors. When the detectors assigned to the respective 
bands are deviated in position from one another or 
when the optical paths defined by optics assigned 

5 one-to-one to the detectors are not identical with 
designed ones, the received images of the asso- 
ciated bands are deviated from one another with 
respect to the positions of the pixels. Matching the 
positions of the pixels is generally referred to as 

10 registration. Also, matching the positions of the 
multiband images is called band-to-band registra- 
tion. 

In the MSS, TM or similar image mapping 
radiometer of mechanical scanning type using os- 

75 cillation or rotatable mirror, only several or slightly 
more than ten photoelectric transducer elements 
suffice for each band, allowing the band-to-band 
registration to be readily set up. Specifically the 
MSS assigns six photoelectric transducer elements 

20 to each band while the TM assigns sixteen pho- 
toelectric transducer elements to each band (four 
elements to one of the bands). Further, the pitch of 
the transducer elements corresponding to the pixel 
pitch is as great as about 100 microns. Therefore, 

25 the allowable alignment error of transducer ele- 
ments in the event of assembly of the detectors is 
as great 25 about one-tenth of the pixel pitch. In 
addition, the band-to-band registration changes lit- 
tle despite the shock ascribable to launching, tem- 

30 perature changes and other external factors. 

On the other hand, the MESSR, HRV or similar 
multiband image mapping radiometer includes lin- 
ear CCD array as detectors. With this type of 
radiometer, it is necessary to effect the registration 

35 with each of the plurality of CCD elements of each 
CCD array assigned to a particular band. Specifi- 
cally, each linear CCD array has 2,048 CCD ele- 
ments, an element pitch of 14 microns, and a focal 
plane which is 28.67 millimeters long. Hence, as- 

40 suming that the allowable band-to-band registration 
error is within 0.1 pixel as with the MSS, then the 
maximum allowable error of deviation between the 
associated elements of the different bands in the 
lengthwise direction is 1.4 microns. Regarding a 

45 multiband radiometer of electronic scanning type 
under development and having about 5,000 CCD 
elements, the pixel pitch is about 7 microns and, 
therefore, the maximum allowable band-to-band 
registration error is 0.7 microns. Confining the error 

50 in such a range by the state of the art technologies 
is extremely difficult. More specifically, with the 
MESSR or HRV, it is difficult to set up the band-to- 
band registration although it has the essential ad- 
vantage of electronic scanning that a dwell time, 

55 i.e., a period of time for observing a target is long 
for the same resolution and the same swath width 
and, therefore, the optics can be miniaturized and 
the structure is free from movable portions and, 
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therefore, simple. 

Remote sensing using the multiband radio- 
meter not only processes a plurality of bands of 
images separately but also extracts characteristics 
by comparing the characteristics of the band-by- 
band images of the object zone. For this reason, a 
multiband image which is the combination of the 
plurality of bands of images is often used. 

On the other band, the conventional radio- 
meters of the type concerned lack a mechanism 
for detecting an adjustment error which may occur 
in the band-to-band registration. It has been cus- 
tomary, therefore, to adjust or correct the band-to- 
band registration when the radiometer is produced 
or when it is mounted on a craft. Moreover, with 
any of the conventional radiometers, a deviation of 
band-to-band registration ascribable to the defor- 
mation of structural bodies and detector mounting 
portions due to the shock of launching, temperature 
changes and so forth cannot be detected once the 
craft is launched. Geometric correction to be effec- 
ted on the earth and using a particular target posi- 
tion on an actual image as a reference has been 
the only implementation available for the band-to- 
band registration after launching. Specifically, geo- 
metric correction selects several target points an 
an image of given band, i.e., the tips of peninsulas 
or similar characteristic points on the earth having 
noticeable differences in output level, and mea- 
sures, by using the pixel positions of the output 
image and time as a reference, the deviations of 
the target points on the images of the other bands 
on a pixel basis, thereby correcting the image 
processing parameters. The geometric correction 
scheme, however, cannot cope with the number of 
pixels and the amount of image processing which 
are increasing to meet the demand for higher reso- 
lutions and broader swath widths. More specifically, 
the amount of information to be processed for the 
geometric correction is increased due to the in- 
crease in resolution and swath width, obstructing 
the miniaturization of the image processing unit 
and high speed image processing. In addition, the 
selection of the characteristic points on the earth is 
limited by weather, lowering the geometric correc- 
tion accuracy. 

It is, therefore, an object of the present inven- 
tion to provide an image mapping radiometer hav- 
ing optical means for measuring a deviation in the 
relative position of a plurality of detectors built in 
the radiometer body and each being assigned to 
respective band, and means responsive to the out- 
put of the optical means for correcting the band-to- 
band registration. 

It is another object of the present invention to 
provide an image mapping radiometer eliminating 
the need for geometric correction of the band-to- 
band registration otherwise effected on the earth. 
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thereby promoting high speed image processing 
and simplifying an image processing unit. 

It is another objet of the present invention to 
provide an image mapping radiometer capable of 
s effecting accurate band-to-band registration with a 
band-to-band registration correcting function with- 
out being effected by the weather of an object 
zone. 

In accordance with the present invention, there 

to is provided an image mapping radiometer mounted 
on a craft flying over an object zone of the ground 
surface along an orbit having a predetermined rela- 
tion with the object zone, and comprising first op- 
tics having in a visual field thereof a unit object 

75 zone defined by a predetermined width of the 
object zone and a distance in a flying direction of 
the craft and dividing visible rays or infrared rays 
from the unit object zone into rays of a first spec- 
tral band and rays of a second spectral band and 

20 focusing the rays onto a first and a second focal 
plane, respectively, and first and second photoelec- 
tric transducer means located in the focal plan% 
and each comprising an array of photoelectric tran- 
sducer elements for detecting a radiance distribu- 

25 tion of the rays of respective one of the first and 
second spectral bands in the focal plane, thereby 
sequentially picking up optical images in the first 
and second spectral bands of the unit object zone 
entering the visual field as the craft flies. Correction 

30 pattern forming means has a movable mirror selec- 
tively movable into an optical path defined by the 
first optics. The correction pattern forming means 
forms on the first and second photoelectric trans-?* 
ducer elements an optical image of a correction 

35 pattern in the form of a stripe pattern for determin- 
ing whether or not the photoelectric transducer 
elements of the first and second photoelectric tran- 
sducer means are aligned with each other in the 
first and second focal planes. Optical path switch- 

40 ing means controls the movement of said movable 
mirror into the optical path. 

The above-mentioned and other objects, fea- 
tures and advantages of the present invention will 
become more apparent by reference to the follow- 

45 ing detailed description of the invention taken in 
conjunction with the accompanying drawings, 
wherein: 

FIG. 1 shows a specific remote sensing system 
using a conventional image mapping radiometer; 
so FIG. 2 is a block diagram schematically showing 
a conventional radiometer of the type described; 
FIG. 3 shows optics included in the radiometer 
of FIG. 2; 

FIG. 4 is a block diagram schematically showing 
55 an earth station included in the system of FIG. 
1; 

FIG. 5A demonstrates how to adjust and test 
band-to-band registration particular to the con- 

3 
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ventional radiometer; 

FIG. 5B is a graph plotting the results of specific 
test; 

FIG. 6 is a block diagram schematically showing 
a radiometer embodying the present invention; 
FIG. 7 shows optics included in the embodi- 
ment; 

FIG. 8 shows registration patterns projected onto 
light-sensitive elements of associated bands; 
FIG. 9 plots the output levels of the light-sen- 
sitive elements of different bands produced in 
the condition shown in FIG. 8; 
FIG. 1 0A is a flowchart representative of a band- 
to-band registration correction procedure par- 
ticular to the embodiment; 
FIG. 1 0B is a flowchart showing a band-to-band 
pixel deviation calculating step included in FIG. 
10A specifically; and 

FIG. 11 shows a slit-like light pattern projected 
onto the light-sensitive elements and having an 
angle 6 relative to the array of pixels. 
Referring to FIG. 1 of the drawings, a remote 
sensing system using a conventional image map- 
ping radiometer is shown. As shown, a radiometer 
11 is mounted on a spacecraft 10 and scans the 
ground surface of the earth in a zone, e.g., over a 
swath width of 100 kilometers in a direction F, 
thereby collecting data associated with the object 
zone 30 with a ground surface resolution of 50 
meters. The collected data is processed by a data 
processing section included in the radiometer 11 
and then sent to an earth station 21 via a radio data 
link transmitter. On the other hand, the earth station 
21 sends to the spacecraft 10 position data on the 
orbit of the spacecraft 10 and based on a predeter- 
mined schedule, and control data for setting the 
sensitivity of the radiometer 11 matching the 
land/sea of the object zone at each position, as 
commands over a radio data link. On receiving the 
position data and control data, the spacecraft 10 
generates a control signal meant for the radiometer 
11. 

Assume that the spacecraft 10 flies a sun syn- 
chronous orbit, and that the orbit has an altitude of 
900 kilometers, an inclination angle of 99 degrees, 
and a period of 103 minutes, i.e., a ground surface 
scanning rate of about 6.7 kilometers per second. 
The data transmission over the radio data link can 
be done only when the spacecraft 10 is visible 
from the earth station 21, i.e., only for about 15 
seconds per round. 

As shown in FIG. 2, the radiometer 11 includes 
a camera section 12 made up of optics 121 and a 
detector assembly 122. A signal processing section 
13 sends the output data of the camera section 12 
to the earth station 21 via a radio data link transmit- 
ter 14. A data link receiver 15 receives commands 
from the earth station 21. A deformatter 16 sepa- 



rates the commands from the earth station 21 into 
control commands meant for the signal processing 
section 13 and other commands. The detector as- 
sembly 122 included in the camera section 12 has 

5 four linear CCD arrays each being assigned to one 
of four object bands 1-4 and each having 2,000 
CCD elements, setting up a ground surface resolu- 
tion of 50 meters. Let the following description 
concentrate on two of the four CCD arrays for 

w simplicity. 

As shown in FIG. 3, the detector assembly 122 
has a beam splitter 123 implemented by a prism or 
similar beam splitting device for splitting the in- 
cident light into two spectral bands 1 and 2, and 

75 CCD arrays 124 and 125 assigned to the bands 1 
and 2, respectively, and each having 2,000 CCD 
elements, an element pitch of 14 microns, and a 
focal plane which is 28,7 millimeters long. 

Referring again to FIG. 2, the signal processing 

20 section 13 has amplifiers 131 A and 131B, analog- 
to-digital converters (ADCs) 123A and 123B, and a 
formatter 133. The amplifiers 131 A and 131B am- 
plify respectively the output signals of the CCD 
arrays 124 and 125 by a gain determined by a gain 

25 control signal fed from the deformatter 16. The 
ADCs 123A and 123B convert respectively the out- 
put signals of the amplifiers 131 A and 131B to 8-bit 
digital signals. The formatter 133 multiplexes the 
resulting digital data and a telemeter signal adapt- 

30 ed to monitor the operating state of the spacecraft 
10 by time division multiplexing. 

As shown in FIG. 4, the earth station 21 in- 
cludes a console 21 1 for setting control commands 
including a sensitivity set command. A transmit 

35 processor 212 transforms the control commands to 
signals to be transmitted. A transmitter 213 has an 
input terminal connected to the transmit processor 
212 and an output terminal connected to a 
duplexer 214 which duplexes the transmission and 

40 reception. An antenna 215 traces the spacecraft 10. 
A high density digital tape recorder (HDDT) 220 is 
used to temporarily record data received by a 
receiver 216. A data processor 217 processes the 
received data from the HDDT 220 by referencing 

45 data from a data base 219, thereby producing 
image data. An image output unit 218 converts the 
image data to an image and outputs the image. 
The data base 219 includes geometric correction 
data for band-to-band registration. 

so In operation, at the earth station, position data 

on the orbit of the spacecraft 10 and land/sea and 
flat/mountainous data associated with the object 
zone 30 are generated by the console on the basis 
of the imaging schedule of the zone 30. By such 

55 data, the earth station 21 1 sets the sensitivity of the 
radiometer 1 1 at 0 decibel. The transmit processor 
212 muitiplexes the resulting sensitivity set com- 
mand CS with other control commands to be sent 
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to the spacecraft 10 and then feed them to the 
transmitter 213 as control commands. The trans- 
mitter sends the control commands to the 
spacecraft 10 via the duplexer 213 and antenna 
215. On the spacecraft 10, the data link receiver 15 
receives the control commands and delivers them 
to the deformatter 16 as control signals CSA. In 
response, the deformatter 16 separates the control 
commands meant for the signal processing section 
13 and decodes, among the control commands, the 
sensitivity set commands CS. The decoded sen- 
sitivity set command CS is applied to the amplifiers 
131 A and 131 B as a sensitivity control signal SS. 
This signal SS controls the amplifies 131 A and 
131B to a gain H matching the sensitivity of 0 
decibel. Analog data A1 and A2 from the CCD 
arrays 124 and 125 of the camera section 12 are 
respectively amplified by the amplifiers 131 A and 
131B whose gain now matches the sensitivity of 0 
decibel. The outputs of the amplifies 131 A and 
131B are respectively digitized by the ADCs 132A 
and 132B to become 8-bit digital data D1 and D2. 
The digital data D1 and D2 are subjected to 
parallel-to-serial conversion at the formatter 133 
and then formatted together with the above-men- 
tioned house keeping data. The output of the for- 
matter 133 is sent to the earth station 21 via the 
data link transmitter 1 4. 

At the earth station, the data coming in through 
the antenna 215 is routed through the duplexer 214 
to the receiver 216 and then recorded in the HDDT 
220. At the same time, the received data is fed 
from the receiver 216 to the data processor 217. In 
response, the data processor 217 corrects scan- 
ning distortions of the received data as well as 
irregularities in the sensitivity of the detectors by 
referencing the data of the data base 219, thereby 
generating image data. This part of the processing 
is executed with each of the bands 1 and 2, i.e., 
with the output data of each of the CCD arrays 124 
and 125. Hence, the resulting image is a single 
band image of the band 1 and that of the band 2. 
When the images of the bands 1 and 2 should be 
superposed to generate a multiband image, the 
data processor 217 will further execute geometric 
correction for band-to-band registration by referen- 
cing CCD 124/125 alignment data also filed in the 
data base 219. The band-by-band output data as- 
sociated with the bands 1 and 2 are outputted by 
the image output unit 218 as respective band im- 
ages. The image output unit 218 is implemented as 
a high density film recorder. These images are 
monochromatic and have pixels whose lightness is 
proportional to the level of he image data. Usually, 
a certain color is assigned to each of the bands 1 
and 2 for discrimination, e.g., red and green are 
respectively assigned to the bands 1 and 2 before- 
hand. Then, the output image will be a multicolor 
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image consisting of red and green. The image 
produced by such a scheme is referred to as a 
false image. It is to be noted that the transmission 
of the commands and the reception of the image 
5 data are completed within the communication time 
available with the radio data link, i.e., about 15 
minutes. 

A reference will be made to FIGS. 5A and 5B 
for describing how to adjust and correct band-to- 

10 band registration on the earth. As shown in FIG. 
5A. a collimator 80 is provided with a slit 81 at the 
focus thereof and a light source 82. The collimator 
80 is located such that the optical axis (Z axis) 
thereof aligns with that of the radiometer 11 to be 

75 tested. The slit 81 is positioned such that the 
longitudinal axis (X axis) thereof is perpendicular to 
the direction in which the photoelectric transducer 
elements of the CCD arrays 124 and 125 of the 
radiometer 1 1 are arranged (Y axis), i.e., such that 

20 the widthwise direction of the slit 81 coincides with 
the Y axis. A parallel beam L for the collimation of 
the shape of the slit 81 is incident on the radio- 
meter 11. While the slit 81 is sequentially moved 
along the Y axis, the outputs of the transducer 

25 elements of each of the CCD arrays 124 and 125 
to be measured, e.g., the elements located at the 
center and at both ends (fifth, 1000th and 1995th 
elements) are counted independently of one an- 
other At this instant, the slit 81 is moved in each 

30 step corresponding to the element pitch of the 
CCD arrays 124 and 125. By comparing the posi- 
tions where the associated elements of the CCD 
arrays 124 and 125 produce outputs of highest 
level, it is possible to determine a deviation on an 

35 element pitch basis. FIG. 5 indicates that the 
1995th elements of the CCD arrays 124 and 125 
are deviated from each other by two element 
pitches. Therefore, the CCD arrays 124 and 125 
are so adjusted as to minimize the square mean of 

40 the deviation of each of the center element and 
end elements and then built in the detector assem- 
bly 122. The deviation data finally produced by the 
adjustment is the alignment data of the CCD arrays 
124 and 125. 

45 The focal length of the collimator 80 is selected 

to be about ten times as gear as the focal length of 
the radiometer 11, so that the moving step is also 
about ten times as great as the element pitch. 
Specifically, assuming that the focal length of the 

50 radiometer 11 is 250 millimeters, then the focal 
length of the collimator 80 is 2.5 meters; since the 
element pitch is 14 microns, as stated earlier, the 
moving step is 140 microns. 

The alignment data obtained by the above pro- 

55 cedure is stored in the data base 219 which is 
included in the data processor 217 of the earth 
station 21 for geometric correction. The position 
data and posture data of the spacecraft 10 on the 

5 
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orbit are compared with the data read out of the 
data base 219 to allow geometric correction to be 
effected with the outputs of the CCDs 124 and 125 
band by band. As a result, the band-to-band reg- 
istration on the output image is corrected. 

Referring to FIGS. 6-9, 10A and 10B, an image 
mapping radiometer with a band-to-band registra- 
tion device embodying the present invention will be 
described. As shown in FIG. 6, the radiometer, 
generally 17, includes a camera section 71 having 
optics 121 similar to the optics of the conventional 
radiometer 11, a detector assembly 172 with an 
enhanced resolution which will be described, and a 
correcting section 180 for band-to-band registration 
test in accordance with the present invention. A 
signal processing section 1 3 is identical with that of 
the conventional radiometer 11. A data link trans- 
mitter 14 transits image data to the previously 
stated earth station 21. A data link receiver 15 
receives commands from the earth station 21. A 
deformatter 16 separates the control commands 
from the data link receiver 15 into control com- 
mands meant for the camera section 71 and other 
control commands. 

The radiometer 17, like the conventional radio- 
meter 11, has four bands for observation and a 
swath width of 100 kilometers, but it has a resolu- 
tion of 20 meters which is far higher than the 
conventional one. To set up 3 sufficient ground 
surface resolution in each of the bands 1-4, the 
detector assembly 172 included in the camera sec- 
tion 71 has four linear CCD arrays in each of which 
5,000 CCD elements are arranged at a pitch of 7 
microns. Again, let the description concentrate on 
two of the four CCD arrays for simplicity. 

As shown in FIG. 7, the detector assembly 172, 
like the detector assembly 122, is made up of a 
beam splitter 173 and CCD arrays 174 and 175. 
The correcting section 180 is constituted by lamps 
181 and 187 playing the role of light sources for 
correction, diffusing plates 182 and 188 for unifor- 
mizing respectively the light issuing from the lamps 
181 and 182, a pattern 183 for correction parallel to 
the direction in which the CCD elements are ar- 
ranged, a pattern 189 for correction perpendicular 
to the above-mentioned direction, a half-mirror 184, 
optics 185 for correction, and a movable mirror 
186. During observation, the movable mirror 186 is 
moved away from the optical path to allow the light 
from the optics 121 to enter the detector assembly. 
In the event of correction, the mirror 186 is located 
on the optical path to intercept light from the optics 
121 while allowing the light from the optics 185 for 
correction to reach the detector assembly 172. 

While usual observation is under way, the earth 
station 21 sets a command CU for commanding it 
in addition to a sensitivity set command CS and 
other control commands on a console 211. The 



command CU is sent to the spacecraft 10 via a 
transmit processor 212, a transmitter 213, a 
duplexer 214, and an antenna 215. The command 
CU is received by the data link receiver 15 and 

5 then separated by the deformatter 16. By the sepa- 
rated command CU, the movable mirror 186 of the 
correcting section 180 is retracted from the optical 
path to an observation position. As a result, the 
light from the optics 121 is incident on the detector 

io assembly 173. This is followed by the same proce- 
dure as in the conventional arrangement. 

In the event of correction of the band-to-band 
registration, the earth station 21 sets a command 
CY commanding the correction in the direction of 

75 element arrangement (Y) on the console 211 and 
then sends it to the spacecraft 10 (step S1, FIG. 
10A). In response to the command CY from the 
deformatter 16, the movable mirror 186 is brought 
to a correction position on the optical path with the 

20 result that the light from the optics 185 is incident 
on the detector assembly 173 (S2). Then, the lamp 
181 is turned on to illuminate the pattern 183 while 
the diffusing plate 182 sets up a uniform illumina- 
tion distribution over the entire illumination plane. 

25 As a result, an image representative of the pattern 
183 is projected onto the detector assembly 172, 
whereby a projected image 183A is formed on the 
light-sensitive surfaces of the CCD arrays 174 and 
175 (S3). The resulting outputs A1 and A2 of the 

30 CCD arrays 174 and 175, respectively, are am- 
plified and digitized by the signal processing sec- 
tion 13 and then sent to the earth station 21 via the 
data link transmitter 14 as correction data (S4). At 
the earth station 21, the data associated with the 

35 projected image 183A is recorded in the HDDT 220 
via the antenna 215, duplexer 214, and receiver 
216 (S5). This recording operation is effected for 
about 10.5 seconds based on the ground scanning 
rate of 6.7 kilometers per second of the spacecraft 

40 10 and in correspondence with one scene of pro- 
cessed image, e.g., about 70 kilometers. Subse- 
quently, the earth station 21 sets a command. CX 
for commanding correction in the direction (X) per- 
pendicular to the direction of element arrangement 

45 and then sends it to the spacecraft 10 (S6). In 
response to the command CS from the deformatter 
16, the lamp 181 is turned off, the lamp 187 is 
turned on to illuminate the pattern 189 via the 
diffusing plate 188, and the resulting image of the 

50 pattern 189 is projected onto the light-sensitive 
surface of the CCD arrays 174 and 175 to form a 
projected image 189A (S7). The resulting outputs 
of the CCD arrays 174 and 175 are sent to the 
earth station 21 via the data link transmitter 14 as 

55 correction data (S8). In response, the earth station 
21 records the data associated with the image 
189A in the HDDT 220 for about 10.5 seconds 
(S9). On fully receiving the sequence of correction 
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data DY and DX, the earth station 21 again sets the 
command CU and sends it to the spacecraft 10 

(510) . Then, in the radiometer 17, the movable 
mirror 186 of the correcting section 180 is returned 
to the observation position by the command CU 

(511) to allow the usual observation to be resumed 

(512) . 

FIG. 10B demonstrates a sequence of steps for 
determining a pixel deviation R between bands in 
the direction of pixel arrangement (Y). As shown, 
the data processor 217 processes the correction 
data recorded in the HDDT 220 while distinguishing 
the data of the CCD array 174 and those of the 
CCD array 175. First, a deviation R is calculated by 
a procedure which will be described in detail (S13). 
Subsequently, a pixel deviation T between bands in 
the direction perpendicular to the direction of pixel 
arrangement is calculated (S14). 

In accordance with the present invention, the 
correction of band-to-band registration is based on 
an optical vernier which is determined by the ele- 
ment pitch of the CCD array and the pitch of the 
lattice pattern of the projected image. The optical 
vernier will be described in detail hereinafter. 

FIGS. 8 and 9 show the correction of band-to- 
band registration of the 4990th to 5000th light- 
sensitive elements of the CCD array 174 and those 
of the CCD array 175 by way of example. As 
shown, the image 183A of the pattern 183 projec- 
ted from the correcting Section 180 onto the light- 
sensitive surfaces of the CCD arrays 174 and 175 
is a lattice pattern perpendicular to the direction in 
which the elements are arranged on the CCD ar- 
rays 174 and 175. The lattice pattern consists of 
stripe-like light portions and shadow portions hav- 
ing the same width which is slightly different from 
the element pitch. The output levels of the individ- 
ual elements of the CCD arrays 174 and 175 are 
determined by the ratio of the area of the light 
portions and the area of the portions masked by 
the shadow portions as measured on the light- 
sensitive surfaces. Further, the output level 
changes periodically due to the deviation among 
the lattice pitch P which is the sum of the widths of 
the light portion and shadow portion adjoining each 
other, the element pitch S of the CCD arrays 174 
and 175, and the positional deviation of the CCD 
arrays 174 and 175 in the direction of element 
arrangement. 

The period L determined by the lattice pitch P 
is expressed as: 

L = P • n (n being an integer) (1) 

The period L is related to the element pitch S, 
as follows: 

L = S • m (m being an integer) (2) 



From the equations (1) and (2), L is the mini- 
mum length setting up: 

5 n • P / m • S = 1 (3) 

For example, assume that the element pitch S 
is 7 microns, and the lattice pitch P is 12.25 
microns. Then, from the equation (3), n is 4 (m is 

w 7) and, therefore, the period L is 49 microns cover- 
ing seven elements. 

Subsequently, the outputs of the CCD arrays 
174 and 175 are corrected with respect to sensitiv- 
ity and dark portion output on an element basis, 

15 and then the theoretical value of each of the paired 
odd and even elements is determined. The theo- 
retical value increases or decreased monotonously 
in correspondence with the element number. In 
FIG. 9, a solid line a and a dotted line b indicate 

20 respectively examples of the such lines associated 
with the odd elements and even elements. 

The vernier has auxiliary graduations for read- 
ing a scale more minutely and produced by equally 
dividing u-1 gradations or u + 1 gradations of a 

25 main scale into t/, as well known in the art. Assum- 
ing that one gradation of the main scale has a 
distance s while one gradation of the vernier has a 
distance p, then the length / of the vernier is 
produced by: 

30 

I = u • p • (ru + 1) s 

where r is a small integer, generally 1 or 2. 

The relation between the main scale and the 

35 vernier based on the lattice pitch P and element 
pitch S may be regarded such that the elements 
constitute the main scale while the light portions 
and shadow portions of the lattice constitute a 
vernier. Specifically, the graduation p of the above- 

40 mentioned vernier, the graduation s of the main 
scale, and u correspond respectively to one half of 
the lattice pitch P, i.e., P/2, the element Pitch S, 
and 2n. Further, the period L of the output variation 
corresponds to the length / of the vernier. However, 

45 since the shadow portions do not contribute to the 
photoelectric conversion outputs of the elements, 
every other graduation in the main scale and ver- 
nier relation is valid. 

Next, assume that the CCD arrays 174 an 175 

50 having the same element pitch S are deviated from 
each other by R in the direction of element ar- 
rangement. In FIG. 9, a solid line M and a dotted 
line N plot respectively the output levels of the 
4990th to 5000th elements of the CCD arrays 174 

55 and 175. Such outputs are an 8-bit digital signal 
each and have levels ranging from 0 to 255 which 
are decimal versions of binary numbers, as stated 
earlier. Assume that the lines M and N are deviated 
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by AL in the direction of element arrangement at, 
for example, the level 255. Then, the deviation R is 
expressed by use of the element pitch as a unit 
and based on the vernier theory, as follows: 

R = (ALA) • (P/2S) (4) 

If the deviation R is zero, AL is zero, i.e., the 
lines M and N become a single line. Further, AL 
has either of two values depending on which of the 
greater element number and smaller element num- 
ber is selected as a reference. In the illustrative 
embodiment, since AL corresponds to a deviation 
covering three element pitches as counted from the 
greater element number or four pitches as counted 
from the smaller element number, the deviation R 
is 0.375 from the former or 0.5 from the latter. On 
the other hand, the output level of each element 
depends on the ratio of the area of the light portion 
and the area masked by the shadow portion, as 
previously stated. It follows that when the output 
levels of the elements of the same number are 
compared, the difference in terms of the ratio is 
substantially proportional to the deviation R. Spe- 
cifically, paying attention to the outputs of the 
4991st elements of the CCD arrays 174 and 175 
and assuming that the output level 255 of the CCD 
175 is 1, then the output level of the CCD 174 is 
191 which is about three-fourths of the former. 
Since the output level of the 4992nd element of the 
CCD array 175 is 31, i.e., about 0.12. the deviation 
R is the intermediate between the element pitch of 
0.025 and the element pitch of 0.38. Hence, it can 
be determined that the deviation R is 0.375. This 
deviation R is the correction value of band-to-band 
registration. 

FIG. 11 demonstrates an example of the cor- 
rection of band-to-band registration in the direction 
perpendicular to the direction of element arrange- 
ment. As shown, the projected image 189A of the 
correction pattern 189 is implemented as a slit-like 
pattern having an angle 0 relative to the direction of 
element arrangement of the CCDs 174 and 175. 
Assume that the slit has a width equal to the 
element pitch S, i.e., 7 microns. Also, assume that 
none of the upper and lower edges of the slid 
masks the elements, e.g., assuming that the output 
level of each 4997th element is a reference value 
VC, the output levels of the 5000th elements are 
V1 and V2, respectively. Then, the deviation T of 
the CCD arrays 174 and 175 in the direction per- 
pendicular to the direction of element arrangement 
is produced by: 

T = (V1 - V2) / VC (5) 

The unit of the deviation T is the size of the 
element in the perpendicular direction. Further, the 
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CCDs 174 and 175 have respectively inclinations 

01 and 02 relative to the direction of element 
arrangement which are expressed as: 

5 01 = {1 - (V1 / VC)} S / 4S (6) 

02 = {1 - <V2 / VC)} S / 4S (7) 

Specifically, assuming that VC, V1 and V2 are 

w respectively 256, 241 and 231 , then the deviation T 
is 0.039 pixel pitch while the inclinations 01 and 02 
are respectively 14.6 and 24.6 (mrad), i.e., 50 min- 
utes and 84 minutes. 

Referring to FIG. 10B, correction data DY1 and 

15 DY2 associated with the CCD arrays 174 and 175, 
respectively, and collected in the steps S3-S5 are 
individually separated into odd pixels and even 
pixels and arranged as data adapted for the con- 
version to an image. Specifically, the odd pixels 

20 are arranged in ascending order, i.e., 1, 3, 5. .... 
4999 while the even pixels are also arranged in 
ascending order, i.e., 2, 4, 6, .... 5000 (S131). Let 
the odd ones of the two data sequences be OY 1 1 
and OY21 and the even ones of the same be EY11 

25 and EY21. The data of the pixels of OY21 are 
inverted to generate inverted OY 21(S132). Then, 
the inverted OY21 data is shifted in the direction of 
piexel arrangement such that when the correspond- 
ing pixel data of OY11 and inverted OY 21 are 

30 added, all the pixels have the minimum level. In the 
illustrative embodiment, the above condition is sat- 
isfied if the inverted OY21 is shifted three pixel 
pitches to the left on the corresponding 4990th to 
5000th data. This amount of shift is the deviation 

35 ALO between the odd pixels (S133-S136). By the 
same procedure, a deviation ALE between the 
even pixels is determined (S137). Subsequently, a 
mean of the deviations ALO and ALE, i.e., a de- 
viation AL between pixels is determined (S138). 

40 When the sum data is converted to an image, a 
substantially uniform image of low level is achieved 
regarding both of the odd and even data se- 
quences. As a result, the residual portions different 
from the deviation AL become extremely light and 

45 can be identified with ease. On the other hand, the 
period L is a constant determined by the lattice 
pitch P of the projected image 183A which is 
determined by the pitch of the lattice of the correc- 
tion pattern P and the magnification of the CCD 

so arrays 174 and 175, and the element pitch S of the 
CCDs 174 and 175. Hence, the correction value R 
of the band-to-band registration can be easily pro- 
duced by the equation (4) (S139). 

How to determine the band-to-band pixel de- 

55 viation T in the direction (X) perpendicular to the 
direction of element arrangement in a step S14 is 
as follows. First, the correction data DX1 and DX2 
of the CCD arrays 174 and 175, respectively, col- 
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lected in the steps S6-S8 are each converted to an 
Image. A particular element to be measured which 
is, in the illustrative embodiment, an element close 
to the 5000th element and having the maximum 
level, i.e., the 4997th element is extracted to use 
the output thereof as a reference value VC for 
measurement. The levels of the 5000th pixels of 
the correction data DX1 and DX2 are measured to 
determine a deviation T by the equation (5). The 
measurement of these levels is conventional in the 
image processing art and, therefore, will not be 
described specifically. The correction values R and 
T of band-to-band registration are used to correct 
the geometric correction parameters for image pro- 
cessing stored in the data base 219 (S15). 

Claims 

1. An image mapping radiometer mounted on a 
craft flying over an object zone of the ground 
surface along an orbit having a predetermined 
relation with said object zone, and comprising 
first optics having in a visual field thereof a unit 
object zone defined by a predetermined width 
of said object zone and a distance in a flying 
direction of said craft and dividing visible rays 
or infrared rays from said unit object zone into 
rays of a first spectral band and rays of a 
second spectral band and focusing said rays 
onto a first and a second focal plane, respec- 
tively, and first and second photoelectric trans- 
ducer means located in said focal plane and 
each comprising an array of photoelectric tran- 
sducer elements for detecting a radiance dis- 
tribution of said rays of respective one of said 
first and second spectral bands in said focal 
plane, thereby sequentially picking up optical 
images in said first and second spectral bands 
of said unit object zone entering said visual 
field as said craft flies, said radiometer com- 
prising: 

correction pattern forming means compris- 
ing a movable mirror selectively movable into 
an optical path defined by the first optics, said 
correction pattern forming means forming on 
the first and second photoelectric transducer 
elements an optical image of a correction pat- 
tern in the form of a stripe pattern for deter- 
mining whether or not said photoelectric trans- 
ducer elements of said first and second pho- 
toelectric transducer means are aligned with 
each other in the first and second focal planes; 
and 

optical path switching means for control- 
ling movement of said movable mirror into the 
optical path. 
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2. A radiometer as claimed in claim 1, wherein 
the optical image of said correction pattern is a 
pattern of a first correction optical image hav- 
ing a width substantially equal to a width of 

5 light-sensitive surfaces of the first and second 

optical transducer means and a length sub- 
stantially equal to a length of the photoelectric 
transducer elements said stripe pattern having 
a pitch slightly different from an element pitch 

w at which said photoelectric transducer ele- 

ments are arranged. 

3. A radiometer as claimed in claim 1 or 2, 
wherein the optical image of said correction 

75 pattern is a pattern of a second correction 

optical image in the form of a stripe pattern 
extending at a predetermined angle relative to 
a direction in which the photoelectric trans- 
ducers are arranged. 

20 

4. A radiometer as claimed in claim 1, 2 or 3, 
wherein said optical path switching means 
moves said movable mirror to the outside of 
the optical path of the first optics when the unit 

25 object zone is imaged or moves said movable 

mirror into said optical path when said correc- 
tion pattern is generated. 

5. An image mapping radiometer mounted on a 
30 craft flying over an object zone of the ground 

surface along an orbit having a predetermined 
relation with said object zone, and comprising 
optics having in a visual field thereof an elon- 
gate unit object zone defined by a predeter- 

35 mined width of said object zone and a distance 

in a flying direction of said craft and extending 
in a direction of said width and dividing visible 
rays or similar rays from said unit object zone 
into rays of a first spectral band and rays of a 

40 second spectral band and focusing said rays 

onto respectively, a first and a second focal 
plane as a first and a second elongate optical 
image, and first and second optical transducer 
means respectively located in said first and 

45 second focal planes and each comprising a 

plurality of photoelectric transducer elements 
linearly arranged at a predetermined element 
pitch along associated one of said first and 
second optical images to convert said asso- 

50 ciated one of said first and second optical 

images to an electric signal, thereby sequen- 
tially picking up, as said craft flies, said optical 
images in said first and second spectral bands 
of said unit object zone as a series of said 

55 optical images corresponding to said unit ob- 

ject zone, said radiometer comprising: 

means for selectively forming an optical 
image of a repetitive dark stripe pattern having 

9 
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a pattern pitch and a width having a predeter- 
mined relation with the element pitch at a 
position where the first and second photoelec- 
tric transducer means are located, so that de- 
viations of said first and second photoelectric 
transducer means from corresponding posi- 
tions in said first and second focal planes may 
be detected; and 

means for calculating the deviations in re- 
sponse to outputs of the first and second pho- 
toelectric transducer means when said stripe 
pattern is formed. 

6- A radiometer as claimed in claim 5, wherein 
the element pitch forming at least part of the 
photoelectric transducer means has and the 
pattern pattern pitch are related to each other 
as a main scale and a vernier, respectively, for 
increasing accuracy of calculations of the de- 
viations. 

7. A radiometer as claimed in claim 5 or 6, 
wherein said means for calculating deviations 
comprises means for comparing outputs of ev- 
ery other photoelectric transducer element of 
said first photoelectric transducer means with 
outputs of corresponding photoelectric trans- 
ducer elements of said second photoelectric 
transducer means. 

a A radiometer as claimed in claim 5, 6, or 7, 
further comprising means for selectively for- 
ming at a position where said first and second 
photoelectric transducer means are located an 
optical image of a slit pattern having a slit 
orientation and a width having a predetermined 
relation with element orientations of said first 
and second photoelectric transducer means, 
so that deviations of said first and second 
photoelectric transducer means from said re- 
spective element orientations may be detected 
on the first and second focal planes. 

9. A radiometer as claimed in any one of claims 
5 to 8, wherein said means for forming the 
optical image of said stripe pattern, said 
means for calculating deviations, and said 
means for forming the optical image of said slit 
pattern are driven by command signals sent 
from an earth station. 

10. An image mapping radiometer mounted on a 
craft flying an orbit above an object zone, and 
comprising: main optics having in the visible 
field thereof a unit object zone defined by the 
swatch width over the object zone and a dis- 
tance in the direction of orbit; a plurality of 
linear photoelectric detectors each being as- 
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signed to one of a plurality of observation 
spectral bands and located in the focal plane 
of the main optics, thereby sequentially imag- 
ing the unit object zone; a correcting section 

5 having correction optics for projecting a cor- 

rection pattern onto the photoelectric detectors 
so as to correct the positional deviation be- 
tween the elements of the detectors; and a 
movable mirror for selecting either of the main 

10 optics and correction optics, wherein a lattice 

pattern having a pitch different from the ele- 
ment pitch is generated on the light-sensitive 
surfaces of the detectors when the correction 
pattern is projected, and wherein the correction 

75 is effected by calculating the output signal 

levels of the detectors associated with the pro- 
jected image on the basis of a vernier princi- 
ple. 

20 
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FIG.5B 
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